Introduction
Amorphous carbon films have been utilized in many types of engineering systems and adapted to fulfill a wide variety of applications. The uses of surface coatings are mainly to protect structural materials from high temperature environments or to confine the electric charge largely on interfaces between materials with differing electronic properties mainly for enormous commercial significance. Diamond, Diamond-like Carbon (DLC) and Diamond-like Nanocomposite (DLN) thin films are based on amorphous carbon films. Diamond, DLC and DLN thin films has generated a great interest in the academia due to its fundamental and technological importance. Presently, researchers have given much attention to fabricate the Micro-or Nano-electromechanical systems (MEMS/NEMS) with different types of materials. The characteristics lengths of these technologies are micrometer to nanometer range. MEMS are defined as miniature devices which combining with mechanical, electrical, optical, and biological fields to fabricate integrated circuits (IC) or other similar manufacturing devises. The applications of these MEMS technologies are in different vast areas, like biomedical, environmental, transportation, manufacturing, robotics, space sciences, computing systems etc [1] [2] [3] [4] [5] . Researchers have much expectation of these new frontier technologies after silicon-based microelectronic technologies. For excellent MEMS devices, the coating materials should have the properties like high hardness, high modulus of elasticity, high thermal conductivity and tensile strength, high fracture toughness, low surface roughness, very low coefficient of friction, low thermal expansion, high band gap energy, high transmission capability etc. All of these unique and attractive
Preperation of diamond films
Diamond, Diamond-like carbon (DLC) and Diamond-like Nanocomposite (DLN) exist in different form of amorphous carbon based thin films have generated a great interest in the academia due to its fundamental and technological importance. The carbon materials which arises from the strong dependence of their physical properties of the ratio of Fig. 1 . Ternary phase diagram of amorphous carbons. The three corners correspond to diamond, graphite and hydrocarbons respectively, ( [21] , permission to reprint obtained from Royal Society London). sp 2 (graphite-like) to sp 3 (diamond-like) bonds. The amorphous carbon is a mixture of sp 2 , sp 3 and sp 1 sites with the presence of nitrogen and hydrogen. The nitrogen free carbon films are shown in Fig. 1 on ternary phase diagram. In this figure, the phase diagram defines the regions of pure carbon (designated a-C), tetrahedral amorphous carbon (ta-C), and hydrogenerated amorphous carbon (a-C:H) with the corresponding extent of hydrogenation [19] [20] [21] . To increase the degree of sp 3 carbon bonding, better amorphous carbon (a-C) films can be produced by any kind of deposition systems. If sp 3 carbon bonding is very high, then this a-C can be denoted as a tetrahedral amorphous carbon (ta-C) [22] . Fig. 1 shows amorphous hydrocarbon (a-C:H) or diamond like films, but it is not higher order due to large hydrogen content. To achieve less hydrogen content with much more sp 3 bond, plasma enhanced chemical vapour deposition (PECVD) technique is ideal to generate tetrahedral amorphous carbon films [20] . The sp 3 content influence the mechanical properties of the films. The mechanical and wear resistance properties are more prominent with increase of hydrogen content into the films. On the other hand, surface energy and coefficient of friction decreases with greater hydrogen passivation into the films. Again, the sp 2 content influences the electronic properties of the films. Diamond, Diamond-Like Carbon (DLC) and Diamond-Like Nanocomposite (DLN) thin films can be deposited by different chemical vapor deposition technique like plasma enhanced CVD, plasma assisted CVD, microwave plasma CVD or a hot filament [23] [24] [25] [26] [27] , ion beam deposition, pulsed laser ablations, filtered cathodic arc deposition, magnetron sputtering etc. The DC plasma jet chemical vapor deposition can be used for Diamond like carbon films deposition also [28] . Table 1 shows the different properties of diamond films [29] [30] [31] 6 ]. In this section, we describe diamond-like carbon deposition by plasma which consists of argon (99.998%), hydrogen (99.9%) and CH 4 (99.5%) is used as a carbon source and is mixed into the plasma jet. The plasma jet is sprayed onto a substrate fixed on a water-cooled substrate holder. The hydrocarbon species in the gas phase for the CH 4 -Ar-H 2 gas system, temperatures (500 0 C to 6000 0 C) and a total pressure of 0.25 atm (25 KPa) has been computed using the thermodynamic computer program. The deposition was performed on Si(111) surface with the growth rate 80 μm/hr The CH 4 /H 2 gas ratio and substrate temperature influence the properties of diamond. Fig. 2 shows the Scanning Electron Microscopy (SEM) morphology of DLC thin films [28] . Diamond-like Carbon (DLC) and Diamond-like Nanocomposite (DLN) are is basically amorphous carbon based films. In amorphous carbon structure, there is a possibility to form both threefold coordinate (sp 2 -site) as in graphite and fourfold coordinate (sp 3 -site) as in diamond [32] . Each of the four valance electron lies in the sp 3 -site forms σ-bonds with neighbors [33] . In sp 2 -site, only www.intechopen.com three electrons are used in σ-bonds and the forth electron forms a π-bond, which lies normal to the σ -bonding plane. In sp 2 -site, only the π-bond is weakly bonded, and hence, it usually lies closest to the Fermi level and controls the electronic properties of the films.
On the other hand, in sp 3 -site, the σ-bond controls the mechanical properties of the films [34] . These electrical and mechanical properties are very important parameters for every DLC and DLN based materials. 
Properties of diamond films

Structural properties
In this section we analyze the details about High Resolution Transmission Electron Microcopy (HRTEM), Fourier Transform Infrared (FTIR) spectroscopy and Raman spectroscopy of DLN films. These DLN films are prepared by using liquid gas precursor as hexamethyldisilane (HMDS), hexamethyldisiloxane (HMDSO) and hexamethyldisilazane (HMDSN) with argon and nitrogen as a source gas by Plasma Enahanced Chemical Vapor Deposition (PECVD). The HRTEM image in Fig. 3 of DLN films for HMDSN precursor on silicon substrate confirm the nucleation and growth of Si 3 N 4 nanoparticles in the amorphous matrix of sizes 6-30 nm. On the other hand, SiC and SiOx nanoparticles having same sizes were found in the DLN films using HMDS and HMDSO precursors, respectively. The FTIR analysis of DLN films shows that the films predominantly consist of C-C, C-H, Si-C and Si-H bonding. FTIR and Raman spectroscopic results conform to a large extent with structural model [35] [36] . DLN films are consisting of mostly two interpenetrating networks of a-Si:O and a-C:H. FTIR spectroscopy is a well known method for investigating the bonding structure of atoms by using the IR absorption spectrum which is related to vibration of atoms [37] . DLN films are deposited in same bias voltages. FTIR spectra of DLN 463 films are given in Fig. 4 The main absorption band is the Si-C stretching in 750-800 cm - www.intechopen.com
The first order Raman spectra of DLN films as shown in Fig. 5 , which is excited by visible light, is usually decomposed into two bands, the D and G bands. Broad asymmetric diamond-like peaks in the region 1000-1800 cm -1 are typical characteristics of amorphous carbon films. Raman spectra were deconvoluted into Gaussians D and G peaks by curve fitting. DLN films are example of amorphous carbon phase, much like DLC films and probably dominated by sp 3 bonding [39] . The shape of the spectra varies with substrate material composition. The position of D and G peak widths can be correlated to the film properties such as hardness, wear and electrical characteristics for conventional diamond like carbon films [40] . The position of D and G peak can be shifted due to film structure, light source of Raman spectroscopy, Gaussian fitting method and so on. Rosenblatt and Vairs have suggested the existence of new structural type of diamond-like form of carbon in which phonon frequency is around (1540±20) cm -1 depending on the distortion from the graphite structure. The D band (which is around 1330 cm -1 ) corresponds to breathing mode of sp 2 atoms in hexagonal ring formed by graphite structure, which means disorder of bond angle resulting due to disappearance of the long range translation symmetry of polycrystalline graphite and amorphous carbon films, while G peak (located around 1535 cm -1 ) is related to C-C bond stretching vibration of all pair of sp 2 atoms in both ring and chains of graphite layer for single crystalline graphite structure [41] [42] [43] [44] . Here D means disorder G means graphite. 
Mechanical properties
The method of measuring hardness and elastic modulus of thin films by nanoindentation test is explained by Oliver and Pharr [45] [46] . This method is widely adopted to characterize the mechanical behavior of low dimensional materials, while the numerous refinements have been made to further improvement of its accuracy. The curve for DLN samples of loading and unloading forces versus displacement into the films, at maximum load up to 20 mN are shown in Fig. 6 . This figure shows a good reproducibility of the nanoindentation test [47] . The average hardness of the DLN films is measured using three indents with 20 mN load which is around 9-17 GPa. The average reduced elastic modulus of the DLN films is measured under the 20 mN loading force with 300 nm displacement which is around 90-160 GPa. 
Tribological properties
To measure the friction coefficient of the DLN films by scratch test method, the loading rate was 16 N for both normal force and tractional force and the scratch length was about 3 mm. The friction coefficient of the DLN films is estimated by taking the ratio of normal force to the lateral force. The variation in normal load and tractional force with respect to stroke length, and the corresponding variation in coefficient of friction against normal load, for DLN films are shown in Fig. 7 . fig.) .
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The average friction coefficient of DLN films using conical diamond tip is estimated which is nearly 0.03-0.05. The tribological properties of DLN films are most important for their use as protective coatings in MEMS/NEMS technology. Recently, the DLC films have been used as rigid disk for microelectromechanical or nanoelectromechanical devices. These protective coatings must have excellent wear and tear resistance, high adhesiveness and very low friction coefficient. For DLC films, the friction coefficient is around 1 but for DLN films, friction coefficient is around 0.03-0.05 as stated above. Hence, for modern microsystems or nanosystems i.e. MEMS or NEMS, we can use the films as protective coatings compared to DLC films. The surface morphologies of DLN films are analyzed by using AFM. Fig. 8 shows the AFM image of DLN films in two dimensional (2D) and three dimensional (3D) views. From AFM analysis, we have estimated the mean surface roughness (R a ) and maximum peak-to-valley height (R max ) of the DLN films, which are 0. 
Diamond, DLC, DLN for MEMS technology
Recently, the microelectromechanical systems (MEMS) and nanoelectromechanical systems (NEMS) technology are fully dominated by Si based materials for their fabrication. These materials have good mechanical and electrical properties for fabrication of MEMS/NEMS based sensors and actuators. Also the silicon materials have large surface area to fabricate the device. However, these materials have some limitation like high temperature withstanding capability, aggressive media, high energy particle radiation etc. For these limitations, diamond films would be good choice for fabrication of MEMS/NEMS device. Some advantageous properties of different materials including diamond and silicon are given in Table 2 . Table 2 . Different material properties compared with diamond.
Diamond
Recently researchers are concentrating for ceramic based materials as well as diamond to fabricate the MEMS devices instead of silicon materials. As structural properties, diamond has much more sp 3 phase content, which improves the very good mechanical properties. Also much more sp 2 content DLC can improve the electronic properties of materials compared to silicon material. Finally, very high hardness, high modulus of elasticity, high tensile strength, low surface roughness, low coefficient of friction, good wear rate of diamond, DLC and DLN can act as promising materials for MEMS/NEMS devices.
Microfabrication, pattern transfer and diamond film patterning 4.1.1 Microfabrication and pattern transfer
The standard process for microfabrication is to deposit of thin films into whole over the wafer and then need to remove the unwanted part by etch or polishing of thin films from the wafer. The microfabrication process can come in two ways, one is the directional process and another is the diffusion process. Fig. 9 shows the directional and diffuse process. The directional process which include electron or ion , photons, beam of atom which impinges into the whole wafer (such as lithography, e-beam evaporation, ion implantation etc.). The diffuse process which include the immersion process where the whole wafer surrounded by vapor, liquid or gases (By CVD or oxidation). To deposit the specific region in both process, need to use the mask in which the unwanted portion will be cover by mask and the open portion of the mask will be deposited metal or ions. The masking of the substrate can prevent the ions or atoms to react with the substrate material. The another process is called the localized process by where the beam energy can falls into specific region of the substrate. The localized process can be divided in to focused beam www.intechopen.com processing and microstructure assisted processing. By this process the reaction will occurred when beam of microstructure will provide energy. Fig. 10 shows the localized processing of focused beam supplies energy and microstructure provide energy. The photolithography process is important for film patterning. By this process in the beginning the surface preparation of the films is more important. This process start from cleaning of the wafer for remove the moisture, baked the wafer, increase the adhesion promotion of the wafer by apply hexamethyldisiloxane (HMDS), (CH 3 ) 3 -Si-NH-Si-(CH 3 ) 3 . The HMDS treatment can reduce the pressure to form the monolayer onto the surface of the wafer, causes the more hydrophobic of the wafer which prevents the moisture condensation. After that spin coating, soft bake, UV exposure with mask alignment, development and hard bake technique is required for whole process. After this lithographic process of the photoresist on to the wafer, the wet etching or dry etching techniques is important to pattern the any type of substrate materials. For this photolithographic pattern, the photoresist uses basically polymeric resist. This resist can dissolve or it can insoluble in the developer solution according to the positive or negative photoresist to react with UV light. The pattern is form by this polymeric resist only use of mask in front of UV light. To pattern the polymeric resist on to the substrate , different process can be applicable. This process can be divided into additive or subtractive process. By which we can add some material into the substrate or we can remove the material from the substrate by using the photoresist with mask pattern. Fig. 11 shows the different additive and subtractive process. Fig 11(a) shows the lift off process. By this process we pattern the photoresist to fall the UV light on to the mask. Then deposit the metal on the top of the wafer and finally we remove the photoresist from the wafer by development process. Fig. 11(b) is the electroplating process by which, we can deposit the metal on top of the pattern photoresist on to the wafer and finally remove the photoresist. So required metal www.intechopen.com can deposit on to the wafer and reaming metal will be remove from the wafer. The electroplating technique can provide high aspect ratio structure compared to lift off technique. In lift off technique the deposited metal film thickness should be one third of the photoresist thickness in order to make the discontinuity of the films . 
Diamond film patterning
To make the pattern of diamond or diamond films is not easy task for fabrication of microstructure. The authors of this chapter are continuously trying to etch the DLN films for MEMS structure. But till now we are unable to get the success for patterning [48] . Hence, some of the diamond films (DLN) also applicable as coating materials in MEMS devices. But the other diamond films are able to pattern for MEMS device. Diamond films have very high chemical inertness. So wet chemical etching is almost impossible for diamond etching. The dry etching is possible for diamond films. The plasma based etching like Reactive Ion etching (RIE) is possible for diamond pattern. RIE has higher anisotropy, better uniformity and control, better selectivity compared to wet etching [49] . Generally RIE consists two electrode which creates the electric field to accelerate the ions towards the surface of the samples. Diamond pattern also possible by Inductive Couple Plasma (ICP). The plasma density of ICP is two times higher in order of magnitude compare to RIE plasma. In ICP, the RF power are capacitivly coupled and magnetic coil surrounded into the chamber for active species generation. The AC field is induced by RF coil which located in front of RF transducer helps to generate high density plasma due to confinement of electrons. In ICP process the plasma densities is very high around 10 11 ion/cm 2 [50] . By this ICP process the diamond patterning is extremely fast with good shape under low self-bias condition [51] . The oxygen based diamond etching as shown in Fig. 12 , where diamond pattern with 1.7 μm thick films etch by ICP [52] . 
Another diamond pattern technique is known as Focused Ion Beam (FIB)
. The FIB process commercially very expensive but we can etch the material very preciously even in nm level.
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By this process focused beam of ions concentrate on a surface in order to create very small structures. This technique are widely used in microelectronics industry also. This Ion beam technique can cut the materials in very precise way. By this process, the materials can be milling to accelerate the concentrated gallium ions source on a specific site. The gallium ion source react with the surface and metallic precursor gases to produce the precise cut of conductive lines. In the FIB systems, where liquid metal ion sources are capable to form very small probes with high current densities [53] . Fig. 13 shows the FIB based diamond film pattern. 
Diamond, DLC, DLN films as coating material for MEMS
Diamond, DLC and DLN films have high hardness, high modulus of elasticity, low thermal expansion coefficient, low surface roughness and low coefficient of friction and good wear properties. This all properties are very important to apply this materials as a anti-stiction coating or tribological coating on MEMS/NEMS devices. The moving parts of any microactuators, like microgears, microengine or bearing have surface contact of their won functions during operations. Due to very low coefficient of friction and surface roughness of DLC and DLN films, the films can be act as a excellent solid lubricants of microgears or microengine based MEMS devices. Very small surface roughness can reduce the friction and wear rate in microstructure component during operations [54] [55] [56] . DLC coating which can improve the lifetime of linear motor actuated by electrostatic force which drive by sliding component laterally [55] .
Diamond, DLC, DLN films for sensors and actuators applications
Diamond, Diamond-like carbon(DLC) and Diamond-like Nanocomposite(DLN) have wide band gap, good thermal conductivity and very good piezoelectric properties, high chemical stability, high fracture strength and very high stiffness. These key properties of diamond are potentially applicable for sensing and actuating application in harsh environments [57] . For piezoresistive diamond materials mainly the nanocryastalline diamond materials are used for minimize the grain boundary influence. The piezoresistive boron doped diamond materials, www.intechopen.com the gauge factor must be need as small as possible to achieve the reasonable activation and for low sheet resistance. The gauge factors of the diamond films has been found in the range of 70-4000 and even its remain unchanged in high temperatures [58] [59] . As a sensor of diamond material, the aim to measurement of mechanical effect like acceleration, pressure from piezoelectric diamond or piezoresistive diamond transducers elements. These diamond materials have been utilize for different type of sensors like pressure or UV [60] [61] , temperature sensors [62] [63] up to 700 0 C. The pressure sensors of diamond materials are based on hermitically sealed membrane structure, that can detect the bowing pressure difference. The diamond pressure sensors can be made by doped diamond as a piezoresistor or undoped diamond as a flexible diaphragm. Fig. 14 , shows the boron doped piezoresistive diamond pressure sensors [64] . The undoped and boron doped diamond deposited on silicon substrate by CVD process. To improve the sensitivity of this pressure sensors, the diaphragm thickness and boron doped was varied from 62 to 5 µm and 2 to 0.5 µm respectively. This sensors evaluated from room temperature to 250 0 C and pressure between 0-0.07 MPa. Diamond films can act as a high acceleration sensors also. Diamond films have high fracture strength and high stiffness. So these films can withstand in high acceleration and shock also. Fig. 15 , shows the diamond based acceleration sensors. In this figure the piezoresistive transducers elements located on the four suspended bridge which looks like whetstone bridge [65] . The sensors structure realized based on the movement of center seismic mask which suspended by four arms. The diamond material can be act as a actuators. The microthermal actuators based on bilayer structure which delivers an out of plane motion [66] and the shape bimorph structure made by single material [67] . The bilayer which consists two layer of materials with different thermal expansion of coefficient. The deflection of bilayer actuators depends upon coefficient of thermal expansion of the materials. The diamond, DLC, and DLN have have very low coefficient of thermal expansions around 10 -6 K -1 . Hence, diamond and DLC materials can be used as bi-layer thermal actuators. The high tensile strength and very high elastic modulus of diamond, DLC, and DLN materials is the potential candidate to fabricate the contact mode micro-actuators. Also these materials used to fabricate the micro-engine, gears, rotors etc. Fig. 16 , shows the diamond based micro-gears and accelerometers [68] . fig.) and accelerometer (bottom fig.) , ([68] , permission to reprint obtained from Elsevier).
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Diamond films for RF-MEMS application
Diamond, DLC and DLN are potential materials for RF-MEMS applications. The RF-MEMS switches have potential for RF communications because of their high isolation and low power consumption. The RF switches, which usually based on electrostatic actuators. This RF switch can be used as diamond switch [69] [70] [71] [72] [73] . The boron doped diamond can be considered as semiconductor with wideband gap for fabricate the electronic device. Diamond materials are ideal candidate for RF power electronics where the important factors are like high speed, high power density, effective thermal management and passive matching components with low loss at microwave frequencies. So surface area is needed for passive component, active device, waveguide circuits and heat dissipation. The substrate needs for monolithic integrated RF power electronics in gigahertz frequency range. Leaky diamond films used in RF capacitive MEMS switches with low RF loss up to 65 GHz have excellent electronic properties of the diamond layers [74] . Leaky diamond mode can trapped the charges and eliminating the charge injection and increases the switches reliability. Fig.  17 shows the single anchored cantilever in coplanar waveguide for ON and OFF switching of microwave signals. Where the centre line is bridge by the switch need to content the contact in series. In the first figure (left side) the switch was staying perpendicular way on to the waveguide. This switching is quite low because of air damping [75] [76] . The very large surface area can provide the high switching speed. In right side of the figure where cantilever is the part of coplanar waveguide pattern. The RF line of ground plane act as a electrode of the parallel plate actuator [63] .
Diamond, DLC, DLN for biomedical applications
Diamond, Diamond-like Carbon(DLC) and Diamond-like Nanocomposite (DLN) thin films have high hardness, high wear resistance, high corrosion resistance and chemical inertness, low coefficient of friction, very low surface roughness, very good infrared light transparency. All of these properties are ideal for any material as a biocompatible materials. As a biocompatible material it's can be applicable for orthopedic, cardiovascular, contact lenses, catheter, prosthetic replacement etc. The biomaterial can be determine by the reaction of materials in biological environment [77] . The biomaterial, to apply our human body, should be chemically and biologically inert to the surrounding cells and our body fluids. In these diamond structure, they have two phase. One is sp 2 hybridized carbon atoms in hexagonal ring formed by graphite structure. It is the disorder of bond angle, resulting due to disappearance of the long range translation symmetry of polycrystalline graphite and amorphous carbon films. On the other hand, the C-C stretching vibration of sp 3 hybridized carbon atoms in both the rings and chains. Which indicate the disorder diamond phase. In the films if percentage of sp 3 carbon is much more, then films should be good mechanical properties. The diamond and DLC films have good orthopedic applications. In our human body, the hip and knee joint are subjected the friction and wear, as a result which forms the polyethylene debris at a rate of 10 10 particulates per year [78] . These phagocytosed particulates forms osteolysis, granulomatosis lesions and bone resorptions which causes the aseptic loosening of the prosthesis and pain. In last couple of years researchers are trying to apply this diamond, DLC, and DLN films coating for knee and hip replacement to decrease the wear rate. The DLC with Co-Cr alloy can reduce the significant wear rates of both sliding surfaces [79] . The amorphous diamond coatings which can improve the wear and corrosion resistance by a factor of millions compare to conventional materials [80] . The biocompatibility of DLC and DLN films have determined by the interaction of cells with DLC and DLN surface. The biocompatibility of the films can be performed by characterization of cytotsicity, protein adsorption or microphase adhesion property of the films. In the study of cell adhesion on different substrates, the increase of number of cell adhesion onto the substrate indicates that the cell have greater chance to adhere onto the substrate. The area cover by PC 12 cells is almost highest in UNCD surface compared to another material surface. Which indicates that the UNCD surface have much more biocompatibility compared to other surfaces. Finally the maximum cells attachment, cell spreading and nuclear area coverage of the cell in UNCD surface is much more compered to other surfaces [81] . In medical application DLC can coat over the stent. Where a stent is a metal tube that inserted permanently into an artery. Stent helps to open an artery for blood circulation through it. Recently, the use of cardiovascular implantation of stent increasing in the world. The side effect of the artery stent lies in its release of metal ions and thrombogenecity. So it is desirable in such a material that can prevent the release of metal ions and that materials also will be hemocompatible, very high corrosion resistance and long lasting in human blood environment [82] . DLC coat stent are suitable for this pour pose. Some of the companies are made the DLC coted stent for medical purpose use. Fig. 20 shows the multilayer nanocomposite coated with DLC as an intermediate layer under the name biodiamond stent [83] . The variety of studied of biocompatibility of Diamond, DLC, DLN films shows that, the materials is potentially applicable in biomedical purpose. The characterization of these materials and determination of its surface properties are necessary to correlate the different in vitro and in vivo results. The diamond coating, due to use of its long term commercially in medical purpose needs more vivo and vitro experiments. 
Conclusions
In this chapter, we have described mainly the characterization technique of diamond, Diamond-Like Carbon (DLC) and Diamond-Like Nanocomposite (DLN) thin films and their application in MEMS devices. From HRTEM, FTIR, Raman Spectroscopy analysis, we conclude that the hydrocarbon groups are bonded with two interpenetrating networks (a-C:H and a-Si:O) of DLN films. And also from HRTEM analysis, DLN films contain Si 3 N 4 , SiC and SiO x nanoparticles within amorphous matrix, which help to reduce the compressive stress of the films. Raman Spectroscopy shows that the DLN films should have higher concentrations of sp 3 carbon than the conventional DLC films. High sp 3 contents influence the mechanical properties of the films as a result, hardness and elastic modulus will increase due to higher sp 3 content. From our all characterize technique we can conclude that diamond, Diamond-Like Carbon (DLC) and Diamond-Like Nanocomposite (DLN) thin films have very high hardness, high modulus of elasticity, high tensile strength, high thermal conductivity, very less surface roughness, low coefficient of friction low thermal expansion and good wear properties. All of these properties are unique material properties for application in MEMS/NEMS device. The excellent tribological properties of the diamond films are very useful to improve the stiction, friction and wear resistance of MEMS/NEMS based microcomponent. 
